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WINS-FUSELAGE INTERFERENCE - COMP_RISON OF CONV_:,_TIONAL

AND AIRF01L-TYPE-FUSELAGE COMBINATIONS

l_y Eastman N. Jacobs and Albert Sherman

SUMMARY

Tests of wing-fuselage combinations emoleying an _ir-

foil-type fuselage _ere made in the variable-density win6

tunnel as a ,o_rt of the wing-fuselage interference nrogram

being conducted therein. The models were designe8 to simu-

late an existing moderate-size transnort airolane of that

tyne. The test results showed th::t for such sizes, at

least, the airfoil-type-fuselage combination should _e _vell

Caired in such a way as to eliminate the 8iscnntinuity at

the ends of the fuselage, an@ even then will _robably have

to rely largely cn other than basic aerodynamic c_nsidera-

tions for its justification.

!_TRODUCTION

A comprehensive investigation of _ing-fuselage inter-

ference is in nr _'ess • • •o s, in the N.A C A variable_density

tunnel. Results of parts of the investigation have been

rer. orted in references 1 and 2. The general program is

outlined in reference i. As a part of the nrocram, a wing-

fuselace combination consisting of one of the standard

,_in<s combin_<_ _ith an airfoil-type fuselage _as briefly

inve st izat ed.

The airfoil-type-fuselage combination is character-

ized L"Tran enlarged and thickened central oortion of the

_v_n_. This c_-ntra! _ortion is made sufficiently large and

thick to acco:,modate the oassengers and cargo and other-

,,,ine t< take the place of the usual fuselage. The tail

surfaces are carried on booms.

The aLrf'oi!-tv<e-_'usela¢e ccmbination cbviously be-: ¢"

comes aerodyn_mically desirable when, for large airplanes,

the s_<s_ce _nd hei._ht requirements of the fuselage portion
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ere such that i_ becomes substantially an integral part of
an efficient wing. The whole combination then becomes
simply a flying wing, the characteristics of which should
be readily predicted from airfoil-section data and wing
theory. The type of combination that has been used in
moderate-size transport airplanes, however, requires spe-
cial investigation. It is characterized by a markedly
thickened and enlarged central portion of the wing having
substantially flat sides. The principal object ef the
present investigation was to compare this type of c_mbina-
tion with one of the best wing-fuselage combinations of
the conventional type.

DESIGN OF MODEL

m

The principal design requirements were: First, that

the proportions should be somewhat like those of an actual

airplane ef the alrfoil-fuselage type; and second, that

the wing-fuselage combination should be directly compara-
ble with some of the conventional combinations previously

investigated. The combination was therefore designed

around the N.A.C.A. 0018-09 tapered airfoil (reference 1).

The ratio of fuselage chord to fuselage span and the ratio

of fuselage thickness to fuselage chord (23 percent) were

taken from the Burnelli UB 14A airplane (reference 5).

The fuselage chord was then adjusted to give the airfoil-

type fuselage the same useful volume as the conventional

fusolage previously employed, considering only the forward

60 percent of the conventional fuselage to represent use-

ful volume. This procedure gave:

Airfoil-fuselage

model

UB 14A

F _ _ elag___span 0. 184 0. 175
Win._ span

Yuselage chord

Win_ chord at juncture
1.70 1.67

Basic wing area

0. 279 0.407

With regard to the details of the model lay-out (see

figs. 1 and 5), existing airplanes of the airfoil-fuselage

type were zimulate4. The fore-and-aft position of the fuse-

k-
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lage was chosen to bring the fuselage quarter-chord axis

in line with that of the wing in the plan view. The angu-

lar setting of the fuselage was chosen to make the zero-

lift direction for the fuselage parallel to that of the

wing. The height of the wing with respect to the fuselage

was adjusted so that the upper surface of the wing, begin-

ning somewhat behind the leading edge, as shown in figures

i and 5, could be made continuer, s with the upper surface of

the fuselage. The fuselage was formed from the N.A.C.A.

002_ section slightly altered to meet the condition just

mentioned; namely, that the upper surfaces of wing and fu-

sel_ge should be continuous. The practically symmetrical

fuselage sections were employed because _irfoil tests in

the variable-density tunnel have indicated that sections

of this thickness may have their characteristics definite-

ly imoaired by the use of camber.

As the combination of the wing and s irfoil-type fuse-

lage @cos not provide a suitable mounting for the tail

surfaces, tail booms simulating those employed on the
UB 14A were included on tha model. In order to make the

model comparable with the conventional combination, the

tail booms were made long enough to provide a tail-mounting

position at the same distance behind the wing as for the

conventional combination.

The combination was also modified to include two types

of fillets: First, small fillets between the wing and fu-

selage near the leading and trailing edges of the wing

shown in fi3ures 3 and 6; and second, large fillets, which

are shown in figures 3 and 7, so designed that the discon-

tinuity between the wing and fuselage would be eliminated

as completely as possible without unduly increasin_ the

frontal a_ea.

TESTS AND RESULTS

The tests and the methods employed for the oresentation

of results are su_stantially the same as those described in

reference i. The results presented in figures 2 and 3 and
in table V (a continuation of table V in references I and 2)

are thus intended to be directly comparable with _ublished

results of tests of wing-fuselage interference conducted in

the _.A.C.A. variable-density tunnel. All the coefficients

sre calculated on the _asis of the ori_inal, or basic, wing

area of l_i0 squ_re inches.
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rI$CUSSION

General comparison.- Obviously these results, as com-
pared with those from tests of the conventional-fuselage
combination, do not supply conclusive evidence on which to
base a final comparison of the relative merits of the air-
foil-tyoe-fuselage airplane. No engines, cowlings, radia-
tors, tail surfaces, or windshields were included. Some
favorable interference effects might result from the combi-
nation of the engine installation with the thick wing sec-
tions forming the fuselage. On the other hand, the pro-
peller interference would almost certainly be unfavorable,
but the possible small distance between the propeller
thrust axes might be an important consideration.

Factors other than aerodynamic ones may also affect
the comparison as, for example, structural considerations,
landing-gear space, simplicity, window space, and passen-
ger or cargo accommodations. Finally, there is nothing
fixed with regard to the relative dimensions of the wing
and fuselage. The nresent tests have also shown that the
combination is sensitive to filleting, so that the compar-
ison would undoubtedly be affected by further fillet modi-
fications. Nevertheless, the results of the present tests
should throw some light on the question of the inherent
relative merit of the airfoil-type-fuselage combination.

Li_ft _li_s_trib_utic_n and_induce_:__dra_..- The type of com-

bination under consideration has been widely discussed

with respect to the lift carried by the fuselage. Such

discussions have often implied that the conventional-type

fuselage in a wing-fuselage combination does not carry

lift as it should. The results of reference 1 indicate

that this point cf view is not in accord with _xperiment.

The observation that the conventional combination at a given

_ngle of attack gives more lift than the wing alone at the

s_tme angle cf attack (see fig. 2) indicates, in fact, that

the fusela>_e t_nds to carry too much lift. This charac-

teristic is accentuated by an airfoil-ty>e fuselage. In

_eneral, the departure from the span load that is aerody-

namically best will b_ increased by any "extra" lift de-

veloped near the center span by the fuselage. The extra

lift, however, is not large, owing to the low as rect ratio

of the fuselage pcrti_n and te the re_uced lift-carve

slooe f_r the v_ry thick airfoil s_c_ion. Its small mag-

nitude is indicat_ Yy the small increase of lift-curv_

olooe shown for this ty_ _f combination in #igure 2.
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Nevertheless, the extra lift might be of some value if it
tended to sdd to the lift at the maximum. Figure 2 does
show a gain in the maximum lift coefficient but it is
small as compared with the added lifting surface provided
by the airfoil-type fuselage.

In order to investigate further the extra lift and
the excess induced drag associated with it, the load dis-
tribution was calculated from wing theory by the method
given in reference 4. The calculated load @istributien is
presented in figure 4. The calculated lift-curve slope is
0.078 and agrees within i percent with the experimental
value ('0.078 frCm fig. 2 corrected for tunnel-wall inter-
ference). The agreement of the calculated and experimen-
tal lifts indicates that the load-distribution calcula-
tions are _atisfactory.

The results show that the fuselage part of the lift-
ing surface, comprising 33 percent of the total lifting
area (exposed wing area plus fuselage area) contributes 26
percent of the total lift. Nevertheless, the excess in-
duced drag, which must be attributed mainly to the concen-
tratien of toe much lift near center span, is 8.5 percent
as compared with the induced drag of the ideal wing of the
same span and at the same lift; that is, the correspond-
ing elliptically loaded wing giving minimum induced drag.
The corresponding excess for the plain wing alene (2:1
taper, orthogonal tips) is 1.1 percent. It is not feasi-
ble to make this calculation for the conventional fuselage
com_ination.

D_ra< in i!igh-_s_eed flight.- The minimum drag coeffi-
cients from figures 2 and _ or from table V may be taken
as re0resentative of the drag in high-speed or cruising
fiis1_. The coefficient representing the "drag and inter-
fer_nce" duo to the airfoil-type fuselage is thus found
from figure 2 t_ be 0.0068 as compared with 0.0022 for the
cenv_u*i_nal fuselage. The minimum drag coefficient of
the ccm_ination may be compared with the coefficient ccm-
r_uted from the drag of the component parts, neglecting in-
terfere_ ce. Yhe comDonent drag coefficients are individ-
ually _timated as follows:
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Profile drag of fuselage sections

Tip drag for fuselage portion (ref-
erence 5 )

0. 0041

.0047

Skin friction on tail booms .0004

Drag of exposed part of wing •0068

Tip drag for rectangular wing tips • 0001

Cslculated total .0161

Experimental total .0161

The admitted fortuity of the agreement does not de-
tract from the value of the principal conclusion, drawn
from a consideration of the relative magnitude of the com-
ponents of the calculated minimum drag coefficient, which
is that excessive drag results from the discontinuity be-
tween the wing and fuselage, that is, from the tip drag of
the fuselage portion. The discontinuity producing the
most marked drag increment must be that due to the sharp
upper-sarface corner of the fuselage ahead of the wing.
The importance of this disturbance is indicatea by the
marked improvement (reduction from O.O161 to 0.0145, fig.
3) that resulted from the addition of small nose fillets
that eliminated some of the sharp fuselage corner (fig. 6).
The drag was further reduced (to 0.0135) by the large fil-
lets, which eliminated all the sharp fuselage corners and
faired out the discontinuity (fig. 7), in spite of the
fact that the fillets increased the frontal area. Much
greater drag reduction seems unlikely owing to the high-
drag airfoil sections employed for the fuselage.

The obvious conclusion reached is that such a well-
fsired combination necessarily becomes favorable for large
airplanes, if the design conditions permit modification of
the proportions to the extent that the combination becomes
a well-designed flying wing without excessive center-
section chord and thickness. With the present proportions,

_ however, even with the large fillets, the minimum drag and
i interference due tc the airfoil-type fuselage remains 1.9

times that due to the conventional fuselage in the combi-
nation used for ccmparison. The maximum lift coefficient
is 13 percent higher f >r the airfoil-type-fuselage combi-
nation with favorable fillets. The speed-range index is
127 as compared with IZ2 for the conventional combination.

U'%
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It oopears, then, +h_t the airfoil-type-fuselage combina-

tier of the oresent pronortions must be well faired in

such a wsy as to eliminate the discontinuity at the end_

of the fuselage, an@ even then will probably have to rely

largely on other than basic aerodynamic considerations for

its justification•

L_ngley Memorial Aeronautical Laboratory,

National Advisory Committee for Aeronautics,

Langley Field, Va., February 15, 19Z7•
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N.A.C.A. Table 5

Table V.- Principal aerodynamic characterletioe of wing-fuselage oombi-atione.

D_[O_-Tj_ ....._n= TVer_ _in_,L_t= 7_---7_ rO_ Aero- C- ILif, 20 20
grams ]o |Remarks |gltu-|tl- set_ Icurve leffi_ | emin I -opt dynam- _o cos _fi- Lmaxl Lmax
!reprea-I _ i |dlnalioal tlng|slope Iclency! Ic ole Lt effec- effec-

entlng ] _ | _posi- po,i- |(per _actorl i center at n- tire tlve
_er_iR.N. = IR.W.=combl- ] _ | |tlon Itlon _"Idegree_li I po.i ,mr

nations _ / | I tlon enc_l. _8.2xlO613.?x106/ °o' '
__ grees I 6.86J I l _
Tapered N.A.C.A, 0018-08 airfoil with

airfoil type fuselage.

2_I _ o ]o.l_ , o /.oeo I .so
269 With ] /]

.._l _ o .1_ o /-°8_1 _.es
nlletsJ ii

2701 ,ith _ I [ |/
transl-

fillets

Tapered N.A.C.A. 0018-09 airfoil with

0.0095

.0161

.0145

0.00 0.0_0 0.000 AL4 ICl.48 ci.23

.03 .029 -.008 AI.6 cI.62 bi.27

.o5 .o37 -.ols h.7 %.7s h.s4

round fueela e.

i Letters refer to tppes of drag curves associated with the interference burble, as follows:

CDe _OLib" CL,x ODe _ib CDe_cLI b

Type • Type B Type C

2 Letters refer to condition at maximum llft as follows,

a Reasonably steady at CLam,

b Small loss of llft beyoh-_-CLmax

c Large loss of lift beyond CLmax and uncertain value of CLmax
koor agreemen_ in hlgh-speed range.

4 Poor agreement oyez whole range.
5 Poor agreement in hlgh-llft range.

8 Rapid increase in drag preceding definite breakdown.

N.A.C .A.

_.68

(Diagrams repreoenting combinations)
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Figure 4.- 8_ lolkd _letrlbutLon for al_fotl-type-fulellq_e
combination.

17.575' 1 l

ColblluLtlon _68,

Irulell4_e aectlon:N.A.O,A, 0033,

aodlf_ld to fLt: Into upper
ou.rfaoo of t&perod _,L.O.A. 0018-

0009 elng.

Flg_¢_'o 1,- Wl_l-fu|ola41e oolblllatlou with I£rfoll-type fuloliqlo.
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N.A.C.A. Figs• 2,3
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N.A.C.A. Figs. 5,6,7.

i

Flgure 5.- Airfoil-_ype fueelage combination.

Figure 6.- Combination with small flllete.

__

Wigure ?.- Comblnanion with large flllets.
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